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To assess the Nation’s land surface at a 
range of spatial and temporal scales to 
understand the rates, causes, and 
consequences of natural and human-
induced processes and their interactions 
that affect the landscape over time. 



Indicators …..



Definitions

Risk Assessment is the basis for an early warning 
system. It identifies threats from natural and 
anthropogenic, and biotic and abiotic sources 
(hazards). It establishes the degree of vulnerability

Early Detection is the process of using monitoring 
criteria to discern changes before they become 
manifest.

Early Warning is the process of  alerting that a 
detrimental situation is imminent



Screening is a proactive assessment based on probable risk to 
reveal whether that risk has become manifest.

Forecasting is the process of using models to develop 
predictions of future events. 

Monitoring is the process of developing formal mechanisms 
to detect changes that are occurring on the landscape and 
assessing their real and potential impact. Monitoring systems 
are based on detecting probable scenarios weighted by their 
potential impacts.

Definitions



Screening, Early Detection and Monitoring: 
examples from other disciplines

Medical - colon and breast cancer screening (risk
assessment) and early detection; early asthma
attack warning

Education  - Students At-Risk
Astronomy - SuperNova Early Warning System 
Military - DEW (Distant Early Warning) Cold War

system of radar stations in the high arctic.



DEW Line



Liberator Cat



Indicators for Assessment and Monitoring

• Measurable
• Predictive
• Forcings – panarchy (Hollings et al.)
• Modeling Focus

– Parameterization
– Sensitivity
– Scenarios
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Landscape-Scale Indicators

Patch Indicators
• Patch Size
• Patch Integrity
• Patch Dimension 

Inter-Patch Indicators
• fragmentation
• connectivity
• context

Land Cover +



USGS Geographic ScienceUSGS Geographic Science
Status and TrendsStatus and Trends



To Analyze, understand, model, and predict the consequences 
of historical and projected land surface changes on 
ecosystem health, taking into account natural and human-
induced stimuli at regional, continental, and global scales.

Patch-size 
maps



• What are the 
feedback loops 
between land use 
and land cover 
change on 
climate & 
biogeochemistry? 1900 1992

In 1900 Florida was still largely covered with natural 
vegetation (green, pink, and blue); by 1992 it was 
transformed by agriculture and cities (yellow)

Determine & Quantify the impacts of land use and land cover 
change on regional climate variability & biochemistry, 
including potential feedback processes



Land Cover TrendsLand Cover Trends

Cover 1973 1980 1986 1992
Water 1.6% 1.6% 1.6% 1.6%
Urban/Built-Up 24.3% 25.1% 26.1% 26.7%
Transitional 0.2% 0.2% 0.2% 0.2%
Mining/Quarries 0.2% 0.3% 0.3% 0.4%
Forests and Woods 33.5% 33.4% 33.2% 33.1%
Agriculture 39.5% 38.7% 38.0% 37.4%
Wetlands 0.7% 0.7% 0.7% 0.7%

Land cover by Ecoregion

What are the changes in 
the landscape and how 
significant are they?





Omernik ecoregions with Trends Samples



Landsat MSS 1972 Landsat MSS 1980 Landsat MSS 1986

Landsat TM 1992 Landsat ETM+ 2000

North Central 
Appalachia

Sample Site 1



Albuquerque, NM (I-25 & I-40)

1990s 1970s

1950s 1930s



Land Cover

1976 LUDA 1992 NLCD   2000 NLCD   





Vegetation MappingVegetation Mapping



CLASSIFICATION 
RULES

Fall
Summer

Spring

TASSLE CAP IMAGES

LANDSCAPE SHAPE/TEXTURE

ANCILLARY LAYERS

Spring green  140 - 160
Fall green 75-100
Shape Index 0.9 – 1.3 
Slope < 10

THEN  HAY/PASTURE

Spring green 15 - 25
Summer green 130 -140
Fall green 130 - 140
Summer wet 80 -100
Fall bright 130 - 150
Slope > 10

THEN DECIDUOUS

Develop advanced techniques to monitor land surface change & 
ecosystem structure and function, in a spatially explicit fashion

DEM  Derivatives
Soils

Canopy/
Imperviousness

LAND COVER
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Landscape Dynamics and ForecastingLandscape Dynamics and Forecasting



Landscape DynamicsLandscape Dynamics
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California’s Central Valley

Urban Land Use Dynamics
1900-1996

Landscape 
Dynamics



1937 1957

1977 1997

Analyze 
past 
landscape 
change



Urban DynamicsUrban Dynamics





Remote Sensing and Phenology

Satellite Phenololgy
Repeatable observations
Synoptic view
Ability to derive vegetation (greenness) indices

Phenology: Study of the timing of biological events
bird migration
insect hatching
plant emergence (crops)
bud burst
first leaf

Symptom of global change
Science, June 6, 2003



Seasonal integrated NDVI

Temporal / Phenologic Vegetation Metrics



Drought and Fire Monitoring





SPI  7/18/02

Land Cover

Available Water Capacity

Percent Irrigated 
Farmland

% Avg Seasonal Greenness

Start of Season Date

Regression Tree 
Modelling

Drought Impact Index

Methodological Approach - Drought

Model Input

Identify variables contributing to drought impact



Prototype Drought Impacts Index 
July 19, 2002



Decision Support SystemsDecision Support Systems
• What tools can the scientific 

community provide to allow decision-
makers to view the environmental 
impacts of local land use decisions?

• What tools allow decision-makers to 
weigh the effectiveness of different 
policies?



Influences of Local 
Zoning 

Regulations

Analyze and interpret the record of land use dynamics that 
includes land use and land cover change to enhance 
understanding of the physical and social drivers of land surface
change.

Land Use PolicyLand Use Policy



From existing hazard information,
Including uncertainty and risk models, to 
refined information on the quality of the 
hazard develop a land use portfolio of 
expected value of risky assets.

A Portfolio Approach to Analyzing 
Environmental and Natural Hazard Risks

Develop methods to 
communicate research 
results & assist 
decision makers with 
ecosystem strategies 
and sustainability.











INPUTS:
Slope
Transportation
Urban extent
Urban exclusion
Hillshade
Land cover

Example using Sleuth



Web Sites

The National Map
http://nationalmap.usgs.gov

Geographic Analysis and Monitoring 
http://gam.usgs.gov

Land Cover    
http://landcover.usgs.gov



For more information: dmuchoney@usgs.gov


